General experimental
Unless otherwise specified, all manipulations were carried out using standard Schlenk and glovebox techniques, under inert atmosphere (nitrogen or argon). A MBRAUN Labmaster glovebox was employed operating with concentrations of H2O and O2 below 0.1 ppm.
Anhydrous solvents were obtained from a Grubbs type SPS system and stored over activated 3Å molecular sieves under inert atmosphere. Alternatively, they were dried using molecular sieves and degassed by freeze-pump-thaw procedures. Stable liquid organic reagents were dried over 3Å molecular sieves and freeze-pump-thaw degassed before use. All other reagents were obtained from commercial suppliers (Sigma-Aldrich, Alfa Aesar, Fluorochem) and used without further purification. Dipp BDIH, 1 Dipp BDIMgH, 2 Mes BDIMg-MgBDI Mes 1a, 3 and [PdMe2(TMEDA)] 4 were prepared by literature procedures (BDI = β-diketiminate, see below for structures of these starting materials). [Pd(PCy3)2] was synthesised by modified literature procedures due to the insufficient purity of commercial samples. Single crystal X-Ray data was obtained on Agilent Diffraction Xcalibur PX Ultra A and Xcalibur 3 E diffractometers, and the structures were refined using the SHELXTL and SHELX-2013 program systems. 
Kinetics
Both reactions showed a first-order type behaviour and plateaued at 71-72% yield of product.
Kinetic profiles are very similar, without major isotope effects. 
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The kinetic data was calculated by monitoring the consumption of the starting material 1. The data was fitted to the highest conversion possible before exiting the linear regime. For C6D6, linearity was maintained until 4.5 lifetimes (96% conversion). For C6H6, probably due to the difficulty to integrate accurately small signals in non-deuterated solvents, linearity was maintained until practically 3 lifetimes (86% conversion). From this data, a kH/kD = 1.1 can be derived. CCDC 1858121.
The Mg-H-Mg bridging hydride atom in the structure of 2 was located from a ΔF map and refined freely with a fixed isotropic thermal parameter of 0.05. When allowed to refine, the thermal parameter of this hydrogen atom went negative, suggesting the presence of more electron density at this site than just a hydrogen atom. The most likely explanation is the cocrystallisation of a small amount (less than ca. 10%) of the bridging hydroxy species. However, attempts to model this provided no significant benefits so the simpler model was retained with the thermal parameter of the bridging hydride fixed at 0.05. As a result of this likely cocrystallisation, bond lengths and angles involving this hydrogen atom should be treated with more caution than normal.
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6. DFT calculations
Methods
The geometries of products were optimised with the ωB97x hybrid exchange-correlation DFT functional using the Gaussian09 program package. 8 Stationary points were characterised depending on their imaginary frequencies (0 for minima and 1 for TSs). NBO analysis was performed using the NBO 6.0 version program. 9 QTAIM analysis was conducted with the AIMAll package. 10 A combined basis set was employed. The SDD effective core potential was used for all metals (SDDAll). The split-valence 6-31G* basis set was used for C and H atoms. The basis set for metal hydrides was expanded by adding one extra set of diffuse functions and three sets of pand one set of d-polarisation functions, i.e. formally [6-31++G(d,3pd)]. The triple-ξ 6-311+G* basis set was used for heteroatoms. This basis set provided very similar results to the 6-31+G(d,p) basis set, but it was much more efficient in terms of computational cost.
C H 0 6-31G* **** N P 0 6-311+G* **** 3 0 (atom 3 is the hydride) S 1 1.00 0.0360000 1.0000000 P 1 1.00 3.0000000 1.0000000 P 1 1.00 0.7500000 1.0000000 P 1 1.00 0.1875000 1.0000000 D 1 1.00 1.0000000 1.0000000 **** Pd Mg 0 SDDAll
The default numerical integration grid was also improved using a pruned grid with 99 radial shells and 590 angular points per shell (int=ultrafine). For the discussion of the computed geometries, no significant difference was observed when optimising the structures using tight convergence criteria. Nevertheless, the reported coordinates (and further structural analysis)
were obtained from the tightly optimised geometries (opt=tight).
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6.2. QTAIM analysis 
Thermochemistry
For the sake of comparison, the thermochemistries of the reactions between benzene and 1a and 1a-H2, respectively, were compared to the analogous reactions previously reported by our group using Al reagents. 11 The same trend was observed. Using low valent complexes, i.e.
Mg(I) or Al(I)
, results in a thermodynamically favourable process, whereas using the hydride complexes results in an endergonic process. ) were calculated at the ωB97x level. 
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